Centrosomes and the art of mitotic spindle maintenance.
The assembly of a bipolar spindle lies at the heart of mitotic chromosome segregation. In animal somatic cells, the process of spindle assembly involves multiple complex interactions between various cellular compartments, including an emerging antiparallel microtubule network, microtubule-associated motor proteins and spindle assembly factors, the cell's cortex, and the chromosomes themselves. The result is a dynamic structure capable of aligning pairs of sister chromatids, sensing chromosome misalignment, and generating force to segregate the replicated genome into two daughters. Because the centrosome lies at the center of the array of microtubule minus-ends, and the essential one-to-two duplication of the centrosome prior to mitosis is linked to cell cycle progression, this organelle has long been implicated as a device to generate spindle bipolarity. However, this classic model for spindle assembly is challenged by observations and experimental manipulations demonstrating that acentrosomal cells can and do form bipolar spindles, both mitotic and meiotic. Indeed, recent comprehensive proteomic analysis of centrosome-dependent versus independent mitotic spindle assembly mechanisms reveals a large, common set of genes required for both processes, with very few genes needed to differentiate between the two. While these studies cast doubt on an absolute role for the centrosome in establishing spindle polarity, it is clear that having too few or too many centrosomes results in abnormal chromosome segregation and aneuploidy. Here we review the case both for and against the role of the centrioles and centrosomes in ensuring proper assembly of a bipolar spindle, an essential element in the maintenance of genomic stability.